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Purpose: Congenital CMV infection can result in serious sequelae in the newborn. The goal 
of this study was to assess pregnant women’s knowledge and understanding of CMV 
infection during pregnancy and develop an educational tool about CMV infection to be 
utilized during prenatal care.
Materials and Methods: This is a prospective intervention study that assessed pregnant 
women’s knowledge before and after receiving an educational handout about CMV infection 
in pregnancy and the perceived value of this education. Pre- and post-education question-
naires were utilized to assess knowledge. The pre-education questionnaire and CMV educa-
tional handout were given at the same clinic visit. The educational handout was given after 
the pre-education questionnaire had been completed. The post-education questionnaire was 
given at the next scheduled prenatal clinic appointment and included questions regarding the 
level of satisfaction with the education and the perceived value of the information. Pregnant 
women less than 34 weeks of gestation were eligible.
Results: A total of 263 women were enrolled, 263 completed the pre-CMV educational 
questionnaire and 215 women completed both questionnaires. Some women only partially 
completed the questionnaires and those partial responses have been included. Prior to education, 
33% (85/261) of participants had heard of CMV. This increased to 75% (160/214) after educa-
tion. Participants scored each of the recommended hygiene practices between 1 and 5 (5 is the 
most acceptable) and each recommended hygiene practice received an average score between 3.8 
and 5. 74% (134/180) of participants reported increasing their hygienic practices after education. 
96% (180/188) of participants indicated they were satisifed to have received the education. 98% 
(187/190) thought more women should receive this education during prenatal care.
Conclusion: Pregnant women viewed education about CMV favorably and increased the 
frequency of recommended hygiene practices. Introducing an educational handout to routine 
prenatal care may be beneficial in increasing awareness of CMV infection in pregnancy.
Keywords: congenital CMV, CMV vaccine, CMV pregnancy, CMV education

Introduction
Congenital cytomegalovirus (cCMV) is a significant cause of fetal and neonatal 
morbidity and mortality, leading to long-term sensorineural hearing loss, vision 
impairment, cognitive impairment and neurodevelopmental delay.1,2 The burden 
due to cCMV has been estimated to exceed that of other congenital conditions, 
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including Down syndrome, fetal alcohol syndrome and 
spina bifida.3,4 However, despite this, the majority of 
reproductive-age women have never heard of cCMV5–8 

and it is not routinely discussed during prenatal care.9–11 

The estimated birth prevalence rate in industrialized coun-
tries is 0.6–0.7%.12,13 Often the diagnosis of cCMV is 
delayed because the majority of affected neonates are 
asymptomatic at birth (~87%).12 Of these asymptomatic 
neonates, 13.5% will develop permanent sequelae.12 

However, in neonates with symptoms at birth, 40–58% 
will have permanent sequelae.12

Congenital CMV infection can occur after maternal 
primary CMV infection or recurrent maternal infection. 
In the United States, it is estimated 30–50% of women 
under the age of 45 are CMV seronegative and at risk for 
primary CMV infection.3 Pregnancies in which maternal 
primary CMV infection occurs have the greatest risk of 
cCMV infection.14 These pregnancies have an estimated 
congenital infection rate of 32% compared to a 1.4% 
congenital infection rate during recurrent maternal 
infection.13 Despite the lower rate of congenital infection 
during recurrent infection, an estimated 75% of congenital 
CMV infections occur among women who were CMV 
seropositive prior to pregnancy.3,15,16

Cytomegalovirus is present in saliva, urine, semen, 
cervical/vaginal secretions and breast milk and is trans-
mitted through direct contact with these bodily fluids. 
Young children, particularly children enrolled in daycare, 
have been identified as a significant source of CMV. It is 
estimated that 15–70% of children enrolled in daycare will 
become infected with CMV and can shed virus in their 
urine and saliva for up to 42 months.17,18 Currently, there 
is no licensed vaccine to prevent CMV infection and there 
are no proven medical therapies for either prevention of 
fetal transmission and/or treatment of acquired CMV 
infection in utero. The American College of Obstetrician 
and Gynecologists, the Society for Maternal and Fetal 
Medicine and the Centers for Disease Control and 
Prevention (CDC) recommend increased hand hygiene 
practices for prevention of CMV infection (Box 1) and 
recent studies have shown these recommendations are 
well-received by women.3,19,20 Additionally, there is 
a growing body of evidence showing that education 
about CMV infection, congenital CMV and the recom-
mended increased hand hygiene practices are accepted by 
women and can decrease the CMV seroconversion rate 
during pregnancy.21–25 Furthermore, there is a growing 
consensus among clinicians that CMV education should 

be provided during routine prenatal care26 and several 
states have passed legislation requiring CMV education 
for women of child-bearing age.26,27

We sought to understand the baseline level knowledge 
of CMV in a women’s health clinic in Minneapolis, MN 
and to both develop an effective mode of education to 
increase awareness of cCMV and to implement strategies 
to prevent CMV infection during pregnancy. We devel-
oped an educational handout that can be easily utilized 
during routine prenatal care to educate pregnant women 
about CMV infection and cCMV. After receiving the CMV 
education, the study participants were asked about their 
level of satisfaction with the education and perceived 
value of the information.

Materials and Methods
Study Design
This prospective intervention study was performed from 
July 2018 through April 2019 at Women’s Health 
Specialist Clinic, the clinic associated with the 
Department of Obstetrics, Gynecology and Women’s 
Health at the University of Minnesota. The study was 
approved by the University of Minnesota Internal Review 
Board prior to starting enrollment (study identification 
number 00002735). Women with intrauterine pregnancies 
(IUP) at less than 34 weeks of estimated gestational age 
(EGA) were eligible for enrollment in the study. Additional 
inclusion criteria included: able to give informed consent, 
age greater than or equal to 18 years old, and receiving 
prenatal care at Women’s Health Specialists clinic. 
Informed written consent was obtained prior to enrollment 
in the study. The consent forms were available in English, 
Spanish and Somali. An in-person interpreter was used for 
other languages. After informed consent was obtained, par-
ticipants were given the pre-educational handout 

Box 1 Recommended Hygiene Practices to Prevent CMV Infection

● Wash your hands with soap and water for 15–20 seconds after 

changing diapers, feeding young children, or wiping a young child’s 

nose
● Do not share food, drink or eating utensils with young children
● Do not put your child’s pacifier in your mouth
● Do not share a toothbrush with your child
● Avoid contact with saliva when kissing a child
● Clean toys, countertops and other surfaces that come into contact 

with children’s urine or saliva

Note: Recommendations from these studies.8,28,29
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questionnaire (supplemental materials 1). The question-
naire was in English. If the patient’s primary language 
was other than English, an in-person interpreter was avail-
able to assist them in filling out the questionnaire. After the 
participant had completed the pre-educational question-
naire, she was given the educational handout about CMV 
to take home (supplemental materials 2). This handout was 
designed by the study authors using references from the 
CDC,28 the Society for Maternal Fetal Medicine8 and the 
American College of Obstetricians and Gynecologists29 and 
was available in English, Spanish and Somali languages. 
The obstetrical provider conducting the prenatal visit did 
not provide education about CMV or review the educational 
handout with the study participant. At the next scheduled 
prenatal clinic visit, the post-educational handout question-
naire was administered (supplemental Figure 3) which was 
2–4 weeks after the handout was given. This questionnaire 
included questions regarding their level of satisfaction with 
the education and perceived value of the information. All 
consent forms, questionnaires and the educational handout 
were provided on paper. The study participants did not 
receive any gifts or monetary compensation for participat-
ing in the study.

Statistical Analysis
Descriptive statistics were summarized as frequencies and 
percentages for categorical measures, and numeric mea-
sures were summarized with means and standard devia-
tions. For the subjects who completed both surveys, 
McNemar’s test was used to test whether proportions of 
subjects who heard of the congenital conditions changed 
between the pre- and post-handout survey. R (Version 
3.5.0) was used for statistical analyses. P-values less than 
0.05 were considered statistically significant.

Results
This study was conducted in a large academic obstetrical 
practice in Minneapolis, MN. The enrollment period was 
July 2018-April 2019. A total of 263 women with IUP at 
<34 weeks of EGA were enrolled in the study, and 215 
completed both questionnaires. Of the women to complete 
either of the questionnaires, some women only partially 
completed the questionnaires and those partial responses 
were recorded and included in the analysis. The results are 
presented as a percent and the number of women who 
answered each question is reported with the results. Of the 
48 participants that did not complete the post-educational 
questionnaire: 42 declined to complete the post-educational 

questionnaire or did not return to clinic, 3 delivered before 
they were able to complete post-educational questionnaire, 2 
had a spontaneous abortion, 1 terminated the pregnancy. The 
baseline characteristics of the study participants are reported 
in Table 1. Some participants declined to answer all the 
baseline demographic questions. The mean age was 31.9 
years of age. The majority of the population identified was 
white (68.2%, [176/258]) and were born in the United States 
(79% [209/263]). A large portion reported having a college 
degree or more (40.3% [106/263] college graduate and 
38.4% [101/263] post-college graduate). Just under half 
(45.5% [116/255]) reported a child at home. Of the partici-
pants who reported having a child, 48.4% (56/116) reported 
a child in daycare. A small fraction (10.1% [25/248]) 
reported ever having a job in a childcare facility, and 
32.9% (83/252) reported having a job in healthcare.

During routine prenatal clinic visits, study participants 
were given an educational handout that included information 

Table 1 Baseline Characteristics of Study Participants

Age
Mean (SD) 31.9 (4.6)
Range 18.0–44.0

Ethnicity
White 176 (68.2%)

Asian 24 (9.3%)
Black 21 (8.1%)

Hispanic 17 (6.6%)

Other 11 (4.3%)
Somali 9 (3.5%)

Birth County
United States 209 (79.5%)

Other 54 (20.5%)

Education
Some high school 9 (3.4%)

High school graduate 15 (5.7%)
Associate degree/some college 32 (12.2%)

College graduate 106 (40.3%)

Post-college degree 101 (38.4%)

Child at home
Yes 116 (45.5%)
No 139 (54.5%)

Job in Child Daycare
Yes 25 (10.1%)

No 223 (89.9%)

Job in Healthcare
Yes 83 (32.9%)

No 169 (67.1%)
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about CMV infection, cCMV, and recommended increased 
hygiene practices (see Box 1 for a summary of the recom-
mended hygiene practices; supplemental materials 
2) designed to prevent maternal CMV infection. Prior to 
receiving CMV education, the participants were asked if 
they had heard of cCMV and other congenital conditions. 
A minority of participants had heard of CMV (33%, [85/ 
261]) and parvovirus B19 (30%, [78/261]), whereas the 
majority of participants had heard of group B Streptococcus 
infection, rubella, spina bifida, fetal alcohol syndrome, Zika 
virus infection, syphilis, Down syndrome and HIV/AIDS. 
Almost half (48%, [126/261]) had heard of Toxoplasma 
infection (Figure 1). A post-educational handout question-
naire was administered at the next scheduled prenatal visit. 
The majority, 73% (157/215), of participants indicated that 
they remembered reading the educational handout. The num-
ber of participants who had heard of CMV increased signifi-
cantly (36% [77/214] to 75% [160/214], p-value <0.001, 
N=214, Figure 2). The statistically significant increase in 
the number of participants who indicated that they had 
heard of CMV indicated an increase in CMV knowledge. 
The number of participants who had heard of parvovirus B19 
(32% [69/213] to 46% [97/213], p-value <0.001) and 

Toxoplasma (50% [107/214] to 57% [122/214], p-value 
0.005) also increased but to a lesser degree. The number of 
participants who had heard of rubella, spina bifida, fetal 
alcohol syndrome, Zika virus, syphilis, Down syndrome 
and HIV/AIDS did not change significantly.

After receiving education about increased hygiene prac-
tices to prevent CMV infection, the participants were asked 
how they felt about the recommendations. Participants were 
asked to rank each recommendation on a scale of 1 to 5. 
A rank of 1 indicated “I felt the recommendation was very 
difficult to do and I could not do it”, a rank of 3 indicated “I 
felt neutral about the recommendation” and a rank of 5 
indicated “I felt the recommendation was easy to do and 
I was able to do it”. The rank for each recommendation was 
averaged (Figure 3). Overall, the increased hygiene prac-
tices were well-received. The recommendations to “wash 
your hands after changing a diaper” and “do not share 
a toothbrush with your child” received the highest average 
scores (4.7, standard deviation 0.60 and 0.67, respectively) 
and the recommendations to “wash hands after handling 
children’s toys” and “do not kiss your child on the mouth” 
received the lowest average scores (3.8 and 4.0, respec-
tively). Participants were asked if they had tried to 

Figure 1 Baseline knowledge of CMV is low compared to other congenital conditions. Respondents were asked to respond either yes or no if they had heard of each 
congenital condition. The percent that responded “yes” is shown.
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implement the recommendations at home and 74% (134/ 
180) of participants responded that they had tried to 
increase their hand hygiene after receiving CMV education. 
Figure 4 demonstrates how participants reported hand 
hygiene practices before and after receiving education 
about CMV and the increased hand hygiene practices to 
prevent CMV infection that were undertaken. Participants 
were asked to rank on a scale of 1–5 how often they 
performed the hand hygiene practice at home. A rank of 1 
indicated “I do not do that”, a rank of 3 indicated “I do that 
half of the time” and a rank of 5 indicated “I do that all the 
time”. The rank for each recommendation from the respon-
dents was averaged and an average score was generated. 
There was a statistically significant increase in participants 
that performed hand hygiene after wiping a child’s nose or 
drool (average score 3.5 increased to 3.9, p=0.01) and 
handling children’s toys (average score 2.4 increased to 
3.1, p=<0.001). There was also a statistically significant 
increase in the number of participants that also avoided 
saliva when kissing children (average score 3.4 increased 
to 3.9, p=0.007). There was not a significant difference in 
hand hygiene practices after changing a diaper (average 
score 4.4 increased to 4.9, p=not significant [NS]), feeding 
young children (average 3.5 increased to 3.8, p=NS), 

sharing a toothbrush (average score 1.2 to 1.3, p=NS), 
cleaning surfaces that come into contact with a child’s 
urine or saliva (average score 3.9 increased to 4.0, p=NS) 
or kissing a child on the mouth (average score 2.8 decreased 
to 2.5, p=NS).

The study participants were also asked about their level 
of satisfaction with the education and perceived value of 
the information. Nearly all the responding participants 
thought the handout was easy to read (95%, 181/191), 
were glad they read the handout (96%, 180/188), and 
indicated that it provided useful information (98%, 187/ 
190) (Figure 5). Additionally, 98% (187/190) felt more 
women should receive education about CMV infection 
during pregnancy.

Discussion and Conclusion
Even though CMV is a major source of neonatal morbid-
ity, the majority of pregnant women have never heard of 
this infection.5–8 While prevention of congenital CMV is 
an important public health goal, there is not an approved 
CMV vaccine, nor are there medical therapies to prevent 
or treat in utero infection. Currently, the only recognized 
intervention to decrease cCMV is increased hygiene prac-
tice. Previous studies have demonstrated that counseling 

Figure 2 Education about CMV infection provided during prenatal clinic visits increased knowledge of CMV infection is shown. Percent of respondents that indicated they 
had heard of CMV compared to other congenital infections before and after CMV education provided during prenatal clinic visits. The CMV educational handout was 
designed by the study authors and was given to respondents after they had completed the pre-handout questionnaire. *p-value <0.001, McNamar’s test.
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women about CMV infection and teaching hygiene prac-
tices can reduce the rate of maternal CMV infection.21–24 

Despite this, education about cCMV and preventing mater-
nal infection is not routinely discussed during prenatal 
care.9–11 Our objective was to determine the baseline 
awareness of cCMV in the OB/GYN clinic associated 
with the University of Minnesota and design an educa-
tional tool that can be easily utilized in a busy obstetrical 
practice, emphasizing the role of hygienic practices in 
preventing infection.

We devised a prospective intervention study that 
allowed us to enroll a large number of participants and 
collect longitudinal data regarding awareness of CMV 
infection and openness to CMV education. Our data 
demonstrated a low baseline awareness of maternal and 
cCMV, consistent with previously published studies.6–8 

After receiving the CMV educational handout, the majority 
of study participants reported they remembered reading 
the educational handout and the awareness of CMV 
increased significantly. When the participants were asked 

Figure 3 The recommendations for increased hygiene practices were well-received by respondents. Respondents were asked to rank how they felt about each hygiene 
recommendation on a scale of 1–5. A rank of 1 indicated “I felt the recommendation was very difficult to do and I could not do it”, a rank of 3 indicated “I felt neutral about 
the recommendation” and a rank of 5 indicated “I felt the recommendation was easy to do and I was able to do it”. The rank for each recommendation from the 
respondents was averaged and a favorability score was generated.
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their opinion of the CMV education and hygiene recom-
mendations, receipt of the information was viewed posi-
tively and the majority of study participants reported they 
implemented the recommended hygiene practices at home. 
Specifically, our data show that participants increased hand 
hygiene after wiping a child’s nose or drool and after 
handing children’s toys and participants avoided saliva 
when kissing children. Prior to CMV and hand hygiene 
education, participants reported they were already 

practicing hand hygiene after changing a diaper, feeding 
young children, cleaning surfaces that come into contact 
with urine and saliva and not sharing a toothbrush with 
a child; therefore, it is not unexpected that there was not 
a statistically significant change in these hand hygiene 
practices. The exception to this is the recommendation of 
“do not kiss child on the mouth”, which participants 
ranked as only doing this recommendation half of the 
time prior to education. The rank did not change after 

Figure 4 Respondents increased hand hygiene practices after CMV education. Respondents were asked to rank on a scale of 1–5 how often they do hand hygiene at home. 
A rank of 1 indicated “I do not do that”, a rank of 3 indicated “I do that half of the time” and a rank of 5 indicated “I do that all the time”. The rank for each recommendation 
from the respondents was averaged and an average score was generated. *p= 0.01, **p=0.007, ***p= <0.001, Paired t-test.
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education. While we cannot know for certain why the 
participants did not implement this recommendation, it 
could be speculated that kissing that child on the mouth 
is a sign of affection and the need to express affection 
outweighed the risk of CMV. Most participants thought the 
CMV educational handout was easy to read, provided 
useful information and thought more women should 
receive this education during prenatal care. In conclusion, 
the baseline awareness of CMV among pregnant women is 
low but can be significantly increased with CMV education 
provided during routine prenatal care and women are will-
ing to implement increased hygiene practices to prevent 
CMV infection.

Since this study was conducted during routine prenatal 
care visits in a busy obstetrical practice using a simple, paper- 
based educational handout, our findings are applicable to 
most obstetrical practices and can be easily integrated into 
prenatal clinical practice. When these findings are combined 
with previous studies showing decreased maternal CMV 
infection after counseling about increased hygiene practices, 
there is a strong case to incorporate CMV education into 
routine prenatal care. Integrating CMV education into routine 
prenatal care is especially important in obstetrical clinics that 
provide care to racial and ethnic minority women since these 
populations have an increased prevalence of cCMV 
compared to non-Hispanic white populations.30 The simple, 
low-tech method of CMV education included in this study 

provides an easy, readily available resource that can be 
utilized by most obstetrical practices.

However, there are limitations to this study. This study 
was conducted at an academic clinic practice that cares for 
a population of women that is predominantly white (68.2%). 
Because of this demographic, this study may not be general-
izable to the overall population or clinics with predominantly 
minority or immigrant populations. Additionally, our study 
population was also well educated with 40.3% of participants 
reporting a college degree and 38.4% reporting a post- 
college degree and this may not be representative of most 
clinic patient populations. However, it should be noted that 
our study population also had a significant portion of parti-
cipants with less education and these patients also benefited 
from CMV education. Given the educational diversity of our 
study population and the high acceptance of hand hygiene, 
we propose educational background is not a barrier to the use 
of a paper handout to provide CMV education, and that use of 
such handouts can lead to increased hygienic practices that 
can prevent CMV infection.  An additional limitation to this 
study may be response bias. In response to CMV education, 
the percent of participants who had heard of CMV increased 
but the number of participants who had heard of Parvovirus 
B19 and Toxoplasma also demonstrated a statistically sig-
nificant increase. This suggests that some of the increase in 
CMV awareness could be due to response bias. While 
response bias may have contributed, there are additional 

Figure 5 CMV education was well received by the respondents. The respondents were asked to respond either yes or no to questions regarding how they viewed the CMV 
education. These questions were asked on the post-handout questionnaire.
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explanations to consider that could explain the increase in 
awareness of Parvovirus B19 and Toxoplasma, such as 
increased independent research of congenital conditions 
after learning about cCMV. Despite these limitations, our 
data support the conclusion that an educational handout 
about cCMV and CMV infection can lead to increased 
hygiene practice, and is an effective method to educate 
pregnant women about CMV during prenatal care.

In order to incorporate CMV education into routine pre-
natal care, we need to understand the barriers to providing this 
education. Potential barriers include limited time during pre-
natal care visits, low CMV knowledge among obstetrical 
providers, a lacking of understanding about the significance 
of cCMV,9–11,31,32 a lack of CMV educational resources and 
the misconception that there is no way to prevent cCMV. This 
misconception can lead clinicians to wrongly assume that 
they should not bother patients with education about cCMV, 
since there is nothing that can be done to prevent the infection. 
Future directions should aim to understand barriers to CMV 
education and develop strategies to overcome them.

In summary, this study demonstrates that education 
about cCMV, maternal CMV infection and increased 
hygiene practices given during routine prenatal care can 
increase awareness among pregnant women. Pregnant 
women view this education favorably, are willing to imple-
ment increased hygiene practices to prevent maternal CMV 
infection, and think this education should be part of routine 
prenatal care. We propose that obstetrical providers should 
incorporate CMV education into their routine prenatal care.
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